Introduction: Thiazide diuretics are recommended as first-line therapy for hypertension in older adults. However, thiazides are also associated with hyponatraemia-related hospitalisations in older patients. This study aims to determine the predictors of hospitalisation due to thiazides usage in older adults. Methods: This is a retrospective matched case-control study. Patients aged ⩾65 admitted due to adverse drug reactions based on International Classification of Diseases, Ninth Revision (ICD9) codes from the period of 1 June to 31 December 2011 in Singapore General Hospital were extracted. Patients with the ICD9 code E944.3 Saluretics causing adverse effects in therapeutic use and who experienced thiazide-induced hyponatraemia were identified. Controls were identified from a pool of patients from outpatient clinics who were prescribed thiazide during the study period. Each case was matched to four controls based on gender and race. Patients' demographics, length of stay, and cost of hospital admission were obtained. Results: In total, 19 cases with thiazide-induced hyponatraemia were matched with 76 controls. Cases were older than control (78.8±6.1 vs. 75.6±7.0, p=0.052), with the majority being females (84.2%) and Chinese (94.7%). The mean length of stay was 4 (±3) days; the mean cost of stay was SGD 1118 (±898). Serum potassium levels and concurrent use of betablockers were identified as unadjusted possible predictors for hospitalisation due to thiazide-induced hyponatraemia. Conclusion: Potential predictors of hospitalisation due to thiazide-induced hyponatraemia include low potassium levels and concurrent use of beta-blockers. Identification of predictors is crucial to guide safe and effective prescribing of thiazides in older patients.
Introduction
According to the Eighth Joint National Committee (JNC) and The National Institute of Health and Care Excellence (NICE), thiazide diuretics are one of the four main classes of antihypertensive recommended as first-line therapy for hypertension, besides angiotensin-converting enzyme inhibitors, angiotensin receptor blockers (ARB) and calcium channel blockers. 1, 2 Thiazides are routinely used agents for older adults and their use was recommended as the preferred initial treatment of hypertension in the seventh report of JNC. 3 The antihypertensive efficacy, simplicity of regimen and low cost, as well as the morbidity and mortality benefits seen in patients with high risk of cardiovascular disease and stroke, contributes to their place in the treatment of hypertension. [3] [4] [5] Despite being an effective antihypertensive, compared with loop diuretics, thiazides are prone to cause metabolic side effects such as hyponatraemia in older adults. [6] [7] [8] [9] [10] [11] Studies have reported cases of hyponatraemia occurring in 6.9-33% of older patients. [7] [8] [9] Depending on the predisposing risk factors, late-onset thiazide-induced hyponatraemia has been reported months and years after initiation of the therapy. 10 Reduction of free water clearance by the kidneys, increased excretion of sodium, and stimulation of antidiuretic hormone secretion due to reduced intravascular volume are some of the mechanisms that contribute to thiazide-induced hyponatraemia. 10, 11 Patient factors such as the reduced excretion of free water due to age-related decline in renal function, high fluid intake, and low sodium intake can also contribute to hyponatraemia. 10 Severe hyponatraemia is associated with neurological deficits, such as cerebral oedema and central pontine myelinosis, which could increase the risk of falls, seizures, and coma. 10, 12, 13 In view of significant morbidity from thiazide-induced hyponatraemia in older patients, preventive measures should be taken to guide safe and effective prescribing of thiazides. 10, 12, 13 Therefore, identification of predictors for hospitalisation is crucial for older patients who are susceptible to thiazide-induced hyponatraemia. Older patients are also at increased risk of adverse drug events as a result of their advanced age, polypharmacy, and multiple comorbidities. 14, 15 A retrospective, case-control study conducted in Hong Kong reported that serum potassium, use of indapamide, elderly home institutionalisation and physical immobility were risk factors for thiazide-induced hyponatraemia. 16 There are currently no published studies that have evaluated the predictors of hospitalisations due to thiazide-induced hyponatraemia in older Singaporeans.
The objective of this study is to explore the predictors of hospitalisations due to thiazide-induced hyponatraemia in older adults.
Methods
This was a retrospective matched case-control study conducted in the Singapore General Hospital (SGH), Singapore. The study protocol was reviewed and approved by the SGH Centralized Institution Research Board. Older adults, aged 65 and above, admitted to SGH for thiazide-induced hyponatraemia within the period of 1 June 2011 to 31 December 2011 were included in the study. The patients were identified using the specific ICD 9 primary diagnosis code, ICD-9-CM E944.3 Saluretics causing adverse effects in therapeutic use, extracted electronically from clinical manager software (Citrix™) and Hospital Inpatient Discharge Summary (HIDS). Saluretics, which include thiazide diuretics, are agents that facilitate the renal excretion of sodium. For the purpose of the study, hyponatraemia was defined as symptomatic with a plasma sodium level of <130 mmol/l necessitating hospitalisation. 17, 18 The controls selected were patients from the outpatient setting who were prescribed and dispensed with a thiazide diuretic during the study period of 1 June 2011 to 31 December 2011. The controls were identified from the dispensing software, Maxcare, used in SGH. Each case was matched to four controls to increase the statistical power of the small sample size. 19 The cases were matched to their gender and race, neither of which being found to be associated with thiazide-induced hyponatraemia. 7, 11, 16 Cases were matched to the list of controls and four controls per case were selected using the random number function in Microsoft Excel 2011 Version 14.2.0.
Information such as baseline characteristics, biochemical characteristics, medical conditions and concurrent medication use were extracted from HIDS and Citrix™. The biochemical lab values extracted for cases were at the time of admission and for the controls were the first available lab parameters within the study period. Additional information on other Adverse Drug Reaction (ADR) related admissions such as the types of ADR, the length of stay, and the cost of admission were obtained.
Statistical analysis
Descriptive statistics were used to report demographic characteristics. Fisher' s exact test and t-test were used to compare categorical and continuous variables, respectively, between cases and controls. Variables with p-values <0.2 in univariate analyses were included in a logistic regression model to determine the magnitude and direction of their associations with thiazide-related admissions. The analyses were performed using SPSS Statistics for Windows, Version 17.0 (Chicago: SPSS Inc.) at the 5% significance level.
Results
During the study period, 134 older patients were admitted to SGH for ADR. Saluretics (16.4%) were the second most causative drugs contributing to ADR-related admission. Based on the ICD9 codes, 22 patients admitted due to adverse effects from saluretics were identified, but three patients were admitted due to thiazide-induced hypokalaemia and were therefore excluded from the study. Of the remaining 19 patients with thiazide-induced hyponatraemia who were included in the analysis, two (10.5%) experienced both hyponatraemia as well as hypokalaemia. The causative agent for all cases was hydrochlorothiazide. Upon admission, hydrochlorothiazide was withdrawn and hyponatraemia resolved subsequently. The mean lengths of stay (LOS) for admission due to saluretics is 4 (±3) days with a cost of SGD $1118.45 (±898.00). Table 1 describes the characteristics of patients for both controls and cases. Of the 19 patients in the case group, 16 (84.2%) were female. Chinese (n=18, 94.7%) patients accounted for the majority of the case group. Cases were older than controls (78.8±6.1 vs. 75.6±7.0 years, p=0.052). The mean serum sodium values for the case and control were 121.6 (±4.7) and 137.6 (±3.9) mmol/l, respectively.
Serum creatinine levels for cases were lower than controls, (95.6±55.4 vs. 146.2±91.3 mmol/l, p<0.05). The potassium levels were within normal range for both cases and control, with lower levels in the cases than in the controls (3.99±0.66 and 4.36±0.58 mmol/l, p<0.05). The serum creatinine and potassium levels were noted to be significantly associated with thiazide-induced hyponatraemia. Total number of concurrent medications and other comorbidities were not associated with thiazide-induced hyponatraemia. However, the concurrent use of beta-blockers was found to increase the risk of experiencing thiazide-induced hyponatraemia by 3.5-fold (odds ratio: 3.56, 95% confidence interval [CI] 1.08-11.71). Other concurrent medications used were not found to be associated with thiazide-induced hyponatraemia. None of the patients in this study were prescribed any drugs that may affect the central nervous system, which are deemed to be a common cause of hyponatraemia in older adults. 20 Multivariate logistic regression of variables with p<0.2 in univariate analyses did not identify any significant predictors for thiazide-induced hyponatraemia-related hospitalisations.
Discussion
Due to polypharmacy, age-related pharmacodynamics and pharmacokinetic changes, older patients tend to experience more incidence of ADRs. 21 In our study, 134 ADR-related admissions of older patients in a period of 6 months were reported. Hydrochlorothiazide was the second most common causative agent. Thiazide-induced hyponatraemia posed a significant burden to the healthcare system with incurred LOS of 4 (±3) days, and cost of hospitalisation of SGD $1118.45 (±898.00). These results are consistent with other studies, which showed that hyponatraemia-related hospitalisation was a significant predictor of medical costs. 22 It was also associated with increased LOS and cost of stay in hospitalised patients. 23 Callahan et al. reported that in 2047 patients with hyponatraemia the mean LOS was 8 days, at cost USD $16,606. 23 The reduced cost of hospital care noted in our study is probably due to the shorter LOS and lower cost of care in Singapore.
This study found that low serum potassium level (K + <3.5mmol/l) was a possible predictor of hospitalisation due to thiazide-induced hyponatraemia, which corroborates with another study by Chow et al. 16 The occurrence of low potassium and thiazide-induced hyponatraemia was due to the combination of kaliuretic effects and the hyponatraemic effects of thiazide through the sodium-potassium transcellular ion exchange. While evaluating hospitalisations for thiazide-induced hyponatraemia, Rastogi et al. also found that hypokalaemia was one of the most associated significant factors. 24 The serum creatinine in our study population was found to be associated with thiazide-induced hyponatraemia, suggesting that patients with high serum creatinine are less likely to experience thiazide-induced hyponatraemia. However, serum creatinine was not found to be a significant predictor of hospitalisation due to thiazide-induced hyponatraemia in other studies. 16, 25, 26 Contrary to our results, age-related decline in renal function is a possible contributory factor for hyponatraemia and may be responsible for delayed water excretion. 10, 25 The concurrent use of beta-blockers with thiazide diuretics has shown a potential increase in the association of causing thiazide-induced hyponatraemia in this study. This association has not been reported in any other studies. However, it is plausible that beta-blockers may cause hyponatraemia as a result of their pharmacological properties. Beta-blockers inhibit the release of renin from the kidney, which leads to hypoaldosteronism, in turn enhancing renal loss of sodium, contributing to hyponatraemia. 27, 28 Therefore, the concurrent use of beta blocker with a thiazide could have led to additive effects that resulted in hyponatraemia.
This study has several limitations. Firstly, the retrospective nature of this study hampered a complete retrieval of parameters that were reported in other studies, such as weight, creatinine clearance, physical immobility, duration of thiazide use and elderly home institutionalisation, water intake and dietary intake of sodium. 10, 25 Secondly, as mentioned earlier in this paper, our study showed that low serum creatinine is a possible predictor of hospitalisation due to thiazide-induced hyponatraemia, contrary to other studies. 16, 25, 26 This is possibly due to selection bias in this study. The majority of the cases were community-dwelling adults not managed by SGH; hence, we cannot establish the overall health status. In contrast, our controls were selected from a known SGH patient population managed in the outpatient setting, with more chronic conditions. Hence, matching the number of chronic conditions and medications may possibly mitigate the selection bias.
Lastly, the sample size in our study may be too small to detect significant predictors. Moreover, given the small sample size, the results from our study may not be generalisable to the Singapore population. More research is warranted to determine the predictors of thiazide-induced hyponatraemia in older patients. Nevertheless, our study has found several factors that are associated with thiazideinduced hyponatraemia. The findings would be useful in planning for larger, controlled studies to evaluate the predictors of hospitalisation due to thiazide-induced hyponatraemia.
Conclusion
Our study suggested that low potassium levels and concurrent use of beta-blockers as potential predictors of hospitalisation due to thiazide-induced hyponatraemia in older Singaporeans. The awareness of the predictors for hospitalisation is crucial when prescribing, to promote the safe and effective use of thiazides in older adults.
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